Objective: To compare intraoperative cardiac function, postoperative cognitive recovery, and surgical performance of laparoscopic cholecystectomy with abdominal wall lift (AWL) versus positivepressure capnoperitoneum (PPCpn). Summary Background Data: AWL has been proposed as an alternative approach to PPCpn to avoid adverse cardio-respiratory changes. However, the workspace obtained with the AWL is less optimal than PPCpn and previous studies documenting delayed postoperative recovery of consciousness following PPCpn have not assessed mental alertness despite its importance. Methods: Forty operations were randomized into AWL and PPCpn. A standard anesthetic protocol was followed. Cardiac indices were measured with an esophageal Doppler machine. An auditory vigilance test was used to measure alertness level following extubation. All operations were videotaped and human reliability assessment techniques were used to identify surgical errors. Results: There was a significant reduction in cardiac output during the first 20 minutes following CO 2 insufflation in the PPCpn group, whereas in the AWL group it did not exhibit any significant change. Patients in AWL arm had better vigilance scores at 90 and 180 minutes following extubation compared with the PPn group (P Ͻ 0.05). Significantly more surgical errors were observed during surgery with AWL than with PPCpn (7.1 Ϯ 1.1; versus 2.9 Ϯ 0.4; P ϭ 0.001).
P ositive-pressure capnoperitoneum (PPCpn) is the conventional method of exposure in laparoscopic surgery. This positive intra-abdominal pressure (10 -12 mm Hg) is associated with a variable but significant reduction in cardiac output 1 that may be detrimental in high-risk patients with poor cardiac reserve. The adverse cardiovascular effects of PPCpn are important, as up to 45% of patients undergoing laparoscopic cholecystectomy are in the high-risk category (American Society of Anaesthesiologists grade 3 and above), and over 20% have established cardiovascular disease. 2 In a nationwide audit, 3 cardiac morbidity was identified as an independent risk factor for mortality after laparoscopic cholecystectomy.
Recovery of physical fitness and cognitive functions determine the period of short-term disability before return to normal physical/mental activity following surgery. The level of patients' alertness following surgery is a determining factor in the restoration of early postoperative independence, and early discharge from hospital. Delay in mental recovery following laparoscopic surgery may detract from the benefits of reduced access trauma. The reported research on delayed postanesthetic recovery following PPCpn has not included studies on mental alertness. 4 This is a serious limitation, as cognitive function is crucial to safe independent activity of patients recovering from surgery.
Abdominal wall lift (AWL) is an alternative approach to PPCpn that avoids the cardiac changes associated with a raised intra-abdominal pressure. To date, a variety of AWL systems have been used in a wide range of surgical procedures. 5 In AWL, intra-abdominal workspace is created by elevating the anterior abdominal wall with a mechanical lift device. However, the exposure of the operative field and workspace obtained with the abdominal wall lift technique are less optimal than those provided by PPCpn. This imposes as extra level of difficulty to the execution of the operation. The present trial was designed to compare the patients' cardiac function and postoperative cognitive recovery and the surgical performance using a lifting device compared with laparoscopic exposure by PPCpn.
METHODS

Patients
Patients for elective laparoscopic cholecystectomy were eligible for inclusion in the trial, which was approved by our local Ethics Committee. Patients with American Society of Anesthesiologists grade 3 or above were excluded to allow the adherence to the same strict anesthetic protocol in all patients. Written informed consent was obtained before patients were randomized by selection based on sealed brown envelopes. A single investigator was in charge of allocation sequence and assigning participants to their randomized option. Patients and ward nursing staff were kept blind to the allocation.
Surgical Procedure
Four consultant general surgeons acting as camera operators and 4 specialist registrars with previous experience of at least 40 laparoscopic cholecystectomies as the surgeons took part in this trial. An open technique was used for insertion of first laparoscopic port. In the PPCpn group, the surgical exposure was achieved by insufflation of CO 2 to an intraperitoneal pressure of 12-mm Hg at gas flow rate of 2 L/min. In the AWL group, a subcutaneous lifting device (Laparo-Tensor, Lucini, Milan) was used. Following the lift and after caudal retraction of gallbladder fundus, if visual exposure was considered inadequate by the surgeon, CO 2 was insufflated to achieve an intraperitoneal pressure of 4 mm Hg. The technique of laparoscopic cholecystectomy was standardized in all patients in both arms of the study. 6 Intraoperative cholangiography was performed on all those with deranged liver biochemistry, dilated common bile duct on ultrasound, or recent history of jaundice. The video-endoscopic imaging system consisted of a Sony monitor (model PVM-2043MD; Sony, Tokyo, Japan), a three-chip camera (model 20221001; Karl Storz, Tuttlingen, Germany), and an Olympus 30°endoscope (model A5255A; KeyMed, Essex, UK).
Anesthetic Protocol
The same standardized anesthetic protocol was used in all patients. Patients received 10-mg oral Temazepam 2 hours before surgery. General anesthesia was induced with fentanyl (50 g), proprofol (1-2 mg/Kg), and atracurium (0.5 mg/Kg). Anesthesia was maintained with isoflurane (1-1.5 MAC) and a mixture of nitrous oxide (40%-60%) in oxygen. Minute ventilation was adjusted to maintain end tidal carbon dioxide at 4 -6 KPa. Neuromuscular blockade was monitored with a standard peripheral nerve stimulator and maintained at 0 -1 twitches. Intravenous morphine boluses (0.025 mg/Kg) were administered as required for intraoperative breakthrough analgesia. No routine anticholinergic drugs were administered, but episodes of bradycardia (heart rate Ͻ 40 beats per minute) were treated with increments of intravenous glycopyrronium (200 g). Intravenous fluids consisted of 500 mL Hartmann's solution over the first 15 minutes, then at a rate of 10 mL/Kg/h. Following removal of trocars, the port wounds were infiltrated with 15-20 mL of 0.5% bupivicaine. Patients were provided with patient-controlled analgesia (1 mg morphine bolus, 5 minute lockout) as the only mode of pain relief during the first 24 hours after surgery.
Measurement of Cardiorespiratory Function
A single investigator collected all the data. Cardiac output (L/min) and stroke volume (ml/min) were measured using an esophageal Doppler machine (ODM II, S/N 2060; Abbott, Maidenhead, Kent, UK), and a 4-MHz Doppler probe (Abbott Single Patient Probe G975). The cardiac output and stroke volume measurements were made at the following time points: just before (T0) and after (T1) abdominal lift or carbon dioxide insufflation, at 30°head-up tilt position (T2), at 20 (T3), 40 (T4), and 60 minutes (T5) after lift or carbon dioxide insufflation, and just before (T6) and after (T7) lift-down or carbon dioxide desufflation. Heart rate was monitored from continuous electrocardiograph by an anesthetic monitoring system (M1205 A Omnicare, Model 24/ 24C; Hewlett-Packard, Palo Alto, CA). A record was kept of all episodes of bradycardia. Total operative time was defined as the interval between tracheal intubation to extubation.
Intraoperative peak airway pressure (mbar) and pulmonary compliance (ml/mbar) were measured from the anesthetic ventilator (Dregor, Cato, Germany) at the same T 0 to T 7 measuring points. A portable spirometer (Microlab 4545, Dolby, Stirling, UK) was used to measure forced expiratory volume in 1 second (L) (FEV1) and forced vital capacity (L) (FVC) of patients on the day before surgery, and at 3 and 24 hours postoperatively. For each run, the better of 2 tries was recorded with patient in supine position.
Measurement of Postoperative Pain and Bruising
Pain was measured at rest and on movement (standardized) with the use of a 100-mm visual analogue scale. The measurements were made at 3 hours after extubation and the morning of the first postoperative day. Also noted was the hourly morphine consumption. Any bruising on the skin of abdominal wall was traced on a transparent sheet on the first postoperative day. Each trace was then digitally scanned (5400cse; Hewlett-Packard, Palo Alto, CA) at a ratio of 1:1, and area inside each trace was computed (MATLAB; Math-Works, Massachusetts).
Measurement of Postoperative Recovery
Vigilance is defined as a state of readiness to detect and respond to certain specified small changes occurring at random over time. Vigilance tests measure the degree of decrement of sustained attention over time and hence widely used for measuring the level of alertness following anesthesia. 7 Annals of Surgery • Volume 239, Number 3, March 2004 AWL Versus PPCpn
The vigilance test has over 80% test-retest reliability 8 and correlates well with those EEG 9 and cortical evoked potential 10 changes that are indicative of low arousal, and self-rating reports of tiredness, and poor concentration. 11 Although the results of more operational outcomes such as time to first oral intake, mobility, and length of hospital stay appear to be clinically relevant, they lack experimental control. The test consisted of 121 melodies played over 127 seconds, 11 of which were different and constituted the signals embedded randomly among the 110 identical nonsignals. The signal melody consisted of 3 different square-wave tones each played for 200 milliseconds one after the other: first tone at 310 Hz, second at 300 Hz, and third at 320 Hz. The nonsignal melody had similar characteristics, but it differed only in the frequency of its first tone played at 340 Hz. There was a 450-msec gap between 2 consecutive melodies.
The melodies were played on a portable computer (Inspiron 32000; Dell, Round Rock, USA) through a headphone (PH 220; SANYO, Osaka, Japan). The sound output at the headphone was set at 76 dB. The patient responded to the signals by pressing on an infrared remote controlled button. The response was marked as correct by the computer if it was made within 2 seconds after each signal tone. A record of the reaction time and false positive responses were also obtained. Measurements were made preoperatively and at 45 minutes, 90 minutes, 180 minutes, and 24 hours following extubation. Two practice runs were performed before conducting the preoperative baseline reading the day before surgery. All patients reached their learning curve plateau by the end of the second practice run.
The patients were discharged home when they were mobile, comfortable, off morphine, and eating and drinking without nausea. This decision was made by the consultant in charge of the patient's care, and was made independently of the trial. All patients were reviewed at 6 weeks following discharge.
Assessment of Surgical Performance
The severity of the disease for each patient was graded intraoperatively on a scale of 1 to 3 in ascending order of severity, based on preset criteria. 12 All operations were videotaped (VHS-SLVSE820, SONY, Tokyo) to evaluate laparoscopic performance. For the purpose of this study, a consequential error was defined as the action that resulted in a negative consequence or an increase in operative time by needing corrective action. This definition was adopted from Swain's definition of human error. 13 The numbers of consequentional errors and those requiring corrective action were calculated for each operation. Also noted was the number of intra-abdominal movements of endoscopic instruments. A modified human reliability assessment (HRA) approach was used to identify errors enacted by surgeons during laparo-scopic cholecystectomy executed in the 2 arms of the study. 14, 15 
Statistical Analysis
The results of the trial were analyzed in accordance with the intention to treat principle. Student t test for continuous variables and 2 test for categorical variables were used. Length of hospital stay and tests of cognitive recovery had skewed distributions; hence nonparametric tests (Kruskall-Wallis Analysis of Variance, Mann-Whitney U, and Wilcoxon Signed Ranked) were used. Power calculation suggested 40 patients should enable the detection of 1 L/min difference in mean cardiac output between the 2 groups with 80% power at the 5% level. Data analysis was performed using SPSS for Windows version 10.0.
RESULTS
A total of 43 consecutive patients were invited to participate in the trial. Two patients declined, and 1 patient was not eligible for the anesthetic protocol because she was breast-feeding. Hence 20 patients were recruited into each arm. The 2 groups were comparable in mean age (PPCpn, 52 years; AWL, 54 years), mean body mass index (28.5 versus 28.8 Kg/m 2 ), and male:female ratio (2:18 versus 3:17). Insufflation with CO 2 to a pressure of 4 mm Hg was considered necessary in 7 patients in the AWL arm. Six patients from AWL group and 5 from PPCpn group required intraoperative cholangiography.
There was a significant decrease in cardiac output during the first 20 minutes following CO 2 insufflation in the PPCpn group (Fig. 1A ). There was a significant reduction in stroke volume in the PPCpn group at head up tilt position, which persisted up to the first 20 minutes (Fig. 1B) . By contrast, the cardiac output and stroke volume in AWL group did not show any significant changes during anesthesia. The difference in both cardiac output and stroke volume between the 2 groups remained significant during head up tilt for the first 20 minutes. There was a significant drop in the heart rate with the induction of capnoperitoneum in the PPCpn group (Fig. 1C) , at which point, this group had a significant lower heart rate compared with the AWL group at time of lift. After induction of capnoperitoneum, 9 (45%) of 20 patients in the PPCpn group and after abdominal wall lift 1 (5%) of 20 patients in AWL group developed at least 1 episode of bradycardia, which required treatment with intravenous glycopyroneum ( 2 ϭ6.53, P ϭ 0.01).
There was a significant rise in intraoperative peak airway pressure and drop in pulmonary compliance in the PPCpn group during CO 2 insufflation. AWL caused significantly less change in the peak airway pressure and pulmonary compliance compared with the PPCpn group ( Figs. 2A and  2B ). No significant difference between the 2 groups was observed in the postoperative FEV 1 or FVC, at any stage (Figs. 3A and 3B) .
AWL group had similar total operative time (145.8 Ϯ 11.2 versus 129.0 Ϯ 7.5 minutes; P ϭ 0.22), postoperative pain scores (Table 1) , abdominal bruising (35.40 Ϯ 2.97 versus 37.25 Ϯ 2.50 cm 2 ; P ϭ 0.27), hospital stay (median 2, IQR ϭ 1 day versus 1.5 IQR ϭ 1 day, P ϭ 0.71), and total morphine consumption (30.35 Ϯ 4.82 versus 25.05 Ϯ 3.61 mg) compared with PPCpn group. Hourly morphine consumption did not differ significantly between the 2 groups (Fig. 4) .
The AWL group had a better vigilance score at 90 and 180 minutes after extubation (P Ͻ 0.05) compared with the PPn group (Fig. 5A ). The 2 groups had similar reaction times Annals of Surgery • Volume 239, Number 3, March 2004 AWL Versus PPCpn at all measuring points (P ϭ 0.3, Fig. 5B ). The median false positive response was zero in either group (P ϭ 0.7). Those patients in the PPCpn group who developed intraoperative bradycardia had significantly poorer performance at the vigilance test at 90 and 180 minutes postoperatively, compared with those who did not (Fig. 5C ). The severity of the disease was rated as grade 1 in 17 patients (AWL ϭ 8; PPCpn ϭ 9); grade 2 in 11 patients (AWL ϭ 6; PPCpn ϭ 5) and grade 3 in 12 patients (AWL ϭ 6; PPCpn ϭ 6). There were no conversions to open surgery. AWL group had significantly higher number of instrument movements (550 Ϯ 57 versus 198 Ϯ 21; P ϭ 0.0001), and higher number of errors with consequence (7.1 Ϯ 1.1 versus 2.9 Ϯ 0.4; P ϭ 0.001) ( Table 2 ). There was no difference between AWL and PPCpn groups in the number of errors needing corrective action (1.9 Ϯ 0.4 versus 1.1 Ϯ 0.2; P ϭ 0.1). Four patients in AWL group (drug-induced cholestasisnormal endoscopic retrograde cholangiogram, 2 short-lived small bile leaks, myocardial infarction) and 2 in the PPCpn group (cholangitis -normal endoscopic retrograde cholangiogram, mild pancreatitis) developed complications. All patients were subsequently discharged home. There were no early or late complications related to the use of subcutaneous needles at 6 weeks follow-up.
DISCUSSION
The use of AWL was associated with significantly less reduction in cardiac output and fewer episodes of bradycardia compared with the conventional PPCpn during laparoscopic cholecystectomy. The AWL group experienced little change in intraoperative peak airway pressure and lung compliance. Furthermore, postoperative cognitive recovery was faster with AWL technique compared with PPCpn. However, the use of AWL was associated with more difficult task execution as exemplified by higher incidence of errors. There were no significant differences between the 2 groups in the length of operative time, degree of postoperative pain, postoperative lung function tests, morphine consumption, abdominal bruising, or duration of hospital stay. The protective effect of AWL on the cardiac output occurred during the first 20 minutes of laparoscopic cholecystectomy. The fall in cardiac output in the PPCpn was the consequence of bradycardia at the start of capnoperitoneum and subsequently by reduction in stroke volume up to 20 minutes postinsufflation. The reduced cardiac output during capnoperitoneum is caused by reduction in venous return and increased cardiac afterload. 1, 16, 17 Although reports of dysrrhythmia after conventional pneumoperitoneum are welldocumented, 18 their underlying mechanism is poorly understood. One likely explanation for bradycardia after capnoperitoneum is a parasympathetic surge as a result of direct peritoneal and mesenteric stretch or secondary to reduced cardiac output. 19, 20 The pulmonary adverse effects associated with general anesthesia are exaggerated by capnoperitoneum due to its splinting effect on the diaphragm, causing a significant rise in peak airway pressure, an increase in physiological dead space, and reduction in total lung compliance. The pulmonary function returned back to baseline in the postoperative period in keeping with previous reports. 21 Hence AWL has both intra-and postoperative advantages for patients with pulmonary dysfunction.
Delay in postoperative recovery was noted at 90 and 180 minutes after extubation. No significant difference was detected between the 2 groups at the very early postoperative stage (45 minutes), as the influence of anesthesia was likely to be greater than the effect of surgical approach. In our study, there was about 20% decrement in arousal in the PPCpn group compared with AWL group at 180 minutes postoperative. This extent of decreased arousal has been reported after 48 hours of continuous work and complete lack 22 Better cognitive function in the early postoperative period would allow earlier return of patient to normal activities. This may have an impact on reduction of postoperative complications and early discharge of day-case laparoscopic operations. Of equal importance is the finding of no longterm cognitive dysfunction in the conventional capnoperitoneum group, indicating the safety of this approach. The auditory nature of the vigilance test allows full compliance of all patients due to its ease of use. The absence of false positive responses indicates its content validity. As the response of the patient to the signal requires pressing on a button, the reaction time entails a motor component in addition to the cognitive detection of the signal. This may explain lack of any difference in reaction time between the 2 groups.
The difference in mental recovery between the 2 groups could not be explained by the anesthetic time /protocol, morphine consumption, or EtCO 2 . Furthermore, it cannot be explained by the CO 2 narcosis syndrome, as this occurs only at very high EtCO 2 levels (Ͼ70 mm Hg) 23 and is not usually encountered in postoperative patients. However, CO 2 can dissolve in adipose tissues as a result of positive-pressure pneumoperitoneum. The tissue CO 2 will escape into the blood stream during anesthetic recovery and may well cause hypercarbia for a few hours before its elimination in the expired air. Unfortunately we did not have arterial blood gas analysis during recovery of the patients included in the study. It is generally agreed that mild acute hypercarbia has a stimulating effect on the cognitive and psychomotor performance of subjects. 24 In this study, the stimulating effects of mild hypercarbia could have been offset by other influencing factors in the PPCpn group. However, the current data do not permit firm conclusion on the association between delayed mental recovery and bradycardia with hypotension, which merits further investigation.
Conventional capnoperitoneum expands the abdominal wall in the shape of a dome and depresses the omentum and hollow viscera, creating good surgical exposure. The lifting device, on the other hand, produces an intra-abdominal workspace in the shape of a truncated cone. This, together with absence of depression of omentum and bowel, results in a smaller workspace compared with PPCpn. This reduced workspace accounts for the slight degradation of task performance as indicated by the increased instrument movements and consequential errors in the AWL group compared with the PPCpn group. The initial concern on abdominal wall trauma inflicted by the subcutaneous needles during prolonged operations can be dismissed as the degree of postoperative bruising and pain were similar in both groups.
